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Miami University, Oxford, Ohio 
What do the following problems have in common? 
Cereal Box Problem: Each box of a certain breakfast cereal 
contains a prize. If there are six different prizes in the set, 
how many boxes of cereal should a person have to buy in order to 
collect the entire set of prizes? 
State Flags Problem: A few years ago the United States 
Postal Service issued a set of 50 commemorative stamps featuring 
state flags. (Later a second set of stamps, showing state birds 
and flowers, was issued.) If a stamp collector attempts to obtain 
all 50 state flag stamps by examining old envelopes, how many 
envelopes with flag stamps should he or she expect to examine 
before completing the collection? 
Baseball Card Problem: Baseball cards are randomly packaged 
and sold. If there are 750 different baseball cards in a complete 
year's set, how many cards should a collector have to purchase 
(without being able to select individual cards) in order to obtain 
every card? 
Each of these problems can be solved by an application of the 
geometric probability distribution. This is so-named because it 
is computed from the partial sums of a geometric series. While 
several articles have suggested ways of simulating these problems 
using Monte-Carlo methods, we will present a theoretical solution 
suitable for high school students of probability. Before stating 
a general result, we will illustrate the probabilities involved in 
the cereal box problem. 
Look at the flow graph for the cereal box problem in Figure 1 
at the end of this article. Each circle represents a state 
corresponding to the number of different prizes that have already 
been obtained. Each arrow represents a trial that consists of 
examining the prize in a new box of cereal. If that prize is 
different from the others, we advance to the next state. Other-
wise, we remain in the same state. The number next to each arrow 
represents the probability of that outcome. 
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Four assumptions are made: ( 1) the prizes are randomly 
distributed among the boxes; (2) each trial results in a success 
(getting a new prize) or failure (getting a duplicate of a 
previous prize); (3) the trials are repeated until a success 
occurs; (4) the trials are independent (i.e., the outcome on one 
trial does not affect the outcome on any other trial). The 
solution to our problem (how many boxes should be opened to 
collect a complete set of prizes) will be the expected number of 
trials needed to move from the initial state (no prizes) to the 
final state (six prizes). By expected number, we mean an average 
of the number of trials needed if the experiment were repeated 
many times. In solving the problem by Monte Carlo methods, a 
simulated experiment is, in fact, repeated over and over, and the 
average number of trials is computed. 
Our experiment is actually a sequence of six simpler experi-
ments, each consisting of a move from one state to the next. 
Consequently, the expected number of trials needed to collect all 
six prizes will be the sum of the expected number of trials 
needed to obtain each prize. Suppose we have already found two 
different prizes and are looking for the third. The expected 
number of trials is, by definition, the sum of terms of the form 
x'f(x), where xis a number of trials and f(x) is the probability 
that exactly x trials will be required. 
moving from state 2 to state 3 
In particular, when 
f(x) P (x trials are needed to move from state 2 to state 3) 
P (first x - 1 trials are all failures and the last trial 
is a success) 
("t)x-1 (-g-). 
Using this for f(x) we find that the expected number of trials 
needed to move from state 2 to state 3 is 
2 x-1 4 oo x-1 l'(i) + 2·(g><i) + 3(g) <!> + ••• + x(i) (b) + ••• = x!lx(i) <!>• 
There is no theoretical upper bound to the number of terms, since 
it is conceivable that we may find nothing but duplicates. 
We could write analogous sums for the expected number of 
trials needed to move to each of the other states, but let's look 
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at the more general problem now. Let X be the number of trials 
needed for a success (getting a new prize), p equal the probabili-
ty of success on any one trial, and q = 1 - p equal the probabili-
ty of failure on any one trial. The E(X), the expected value of 
X, can be represented as 
E(X) = l•p + Z•qp + 3•q2p + 4•q3p + ••• + xqX-lp + ••• ; xqX-lp 
x=l 
It is helpful to look at this expression in a triangular form: 
E(X) "' p + qp + q2p + q3p + ••• + qX-lp + 
+ qp + q2p + q3P + ••• + qX-lp + 
+ q2p + q3p + ••• + qX-lp + 
+ q3P + ••• + qX-lp + 
etc. 
Factoring, E(X) may be written as 
E(X) .. (1 + q + q2 + q3 + ••• + qX-1 + •••) p 
+ (1 + q + q2 + q3 + ••• ~ qX-1 + •••) qp 
+ (1 + q + q2 + q3 + ••• + qX-1 + •••) q2p 
+ (1 + q + q2 + q3 + ••• + qX-1 + •••) q3p 
etc. 
Note that each expression in parentheses is 
"' series, r qX 
x:.O 
, which sums to 1 , 
f""=q 
while the column of terms at the right sums to 
the same gec:metric 
pl: qX "' __ P~• 
x•O 1 - q 
lbus E(X) = p but p = 1 - q, so 
E(X) • .E__ • .!. • 
p2 p 
What could be simpler? 
(1 - q)2 
But remember, this is only part of 
our answer. The expected total number of trials will be the sum 
of terms 1/pi, where pi is the probability of a success on each 
trial as we seek to obtain the ~th distinct prize. In particular, 
for the cereal box problem with six prizes, we expect to open 
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E = 1 + 1 + 1 + 1 + 1 + 1 Tmmmmm 
= 1 + 6/5 + 3/2 + 2 + 3 + 6 14.7 boxes. 
In other words, if many persons try to collect the set of six 
prizes, the average number of boxes of cereal that each will have 
to buy should be about 15. This is two and one-half times the 
number of prizes involved. Of course, we are assuming that the 
prizes are randomly distributed among cereal boxes, and that no 
trading occurs between collectors. Clearly, the model will not be 
valid if only five of the six prizes are sent to our town, and it 
should be equally clear that it will be advantageous for collec-
tors to get together to trade their duplicates. 
What about the related stamp collecting and baseball card 
problems, in which larger numbers of "prizes" are involved? For n 
prizes, the values of Pi are 1 = !!_, n - 1, n - 2, ~ •..•• !.• 
n n n n n 
respectively. Consequently, the expected number of trials is 
E =~+ __ n_+ __ n_+ __ n_+ ••• +~ 
n n - 1 n - 2 n - 3 1 
n(.!. + _l_ + _l_ + _l_ + 
n n - 1 n - 2 n - 3 
n 
• n l: 1/k. 
k=l 
+ .!.) 
1 
To solve this we need to compute partial sums of the harmonic 
" series ~ 1/K • This may be accomplished by summing the terms 
I(•' with the aid of a computer or hand-held calculator, but there is 
an elegant approximation that makes use of Euler's constant, Y , 
which is approximately 0.5772. The approximation is 
logen + y + 1/(Zn). 
Multiplying by n gives the expected number of trials. 
n 
l: 1/k " 
k-1 
For the cereal box problem, this approximation yields 
6(1oge6 + Y + 1/12) = 6(1.792 + .577 + .083) = 14.7, agreeing with 
our earlier result. The same approximation method shows that a 
stamp collector should expect to examine about 225 envelopes with 
flag stamps before obtaining a complete set of SO. For a set of 
750 baseball cards, the collector can expect to go through nearly 
5,400 before obtaining those elusive last few. 
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Notice that the ratio of expected trials to prizes increases 
with n. the number of different prizes. As n gets large. this 
ratio approaches logen. So the "lone wolf" collector is at a 
distinct disadvantage. compared to those who trade with each 
other. This probably explains the prolific growth of organiza-
tions for just about every kind of collectible item imaginable. 
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Mind Stretchers 
1. An absent-minded professor cashed a check and was inad-
vertently paid in dollars what the check called for in 
cents, and in cents what was called for in dollars. He did 
not notice this until later, when he found that he had twice 
as much aoney in his pocket as he should have had. By that 
time he had spent 41¢. How much did he have left? 
2, Five women, each accompanied by one daughter, are buying 
cloth in a shop, Every one of the ten buys as much cloth in 
yards as she pays cents per yard for her purchases. Every 
mother spends $4.05 more than her daughter. Mrs • .i!:vans 
buys 23 yards less than Mary; Rose spends 9 times as much as 
Clara, and Effie buys 8 yards less than 10 times as much 
as Mrs, Jones. Mrs. Connor spends $40,)2 more than Mrs. 
Smith, but Mrs. Brown spends most of all. Now, what is 
Helen's last name? 
J, There are many sets of positive integers which can be formed 
by using each of the ten digits exactly once. For example, 
347, 2.56, 810, and 9 form such a set, Also, 12, )41 56, 78, 
and 90 form such a set, Can you find such a set of positive 
integers for which the sum of the numbers in the set ls 
100? Either find such an example or explain why none exists. 
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CAREERS FOR WOMEN WITH DEGREES IN MATHEMATICS 
Don S. Balka and Charles F. Peltier 
Saint Mary's College 
Notre Dame. Indiana 
Over the past few years. much support has been given to 
increasing the role of women in mathematics and mathematics-
related careers. Through its "Equity in Mathematics" Conferences. 
NCTM has provided mathematics educators a variety of strategies 
and materials for improving the current situation of low female 
enrollment in higher level high school mathematics courses. 
Additionally, the excellent NCTM videotapes and intervention 
program, "Multiplying Options and Subtracting Bias." developed 
under the direction of Elizabeth Fennema and narrated by Marlo 
Thomas. suggest to students many careers that are open to them. 
all requiring training in mathematics. 
Having taught undergraduate mathematics to women at Saint 
Mary's College. a Catholic liberal arts women's college. the 
authors conducted a survey of their women mathematics graduates 
(B.A. or B.S.) over the last fifteen years to determine current 
employers. positions. and salaries. Results of the survey a re 
reported in this article and are of interest to secondary mathe-
matics teachers attempting to increase female involvement in 
mathematics. Surveys were sent in the spring of 1985 to all 138 
mathematics graduates from 1969 through 1984. 
received from 97. a 72% return. 
Responses were 
As might be expected in our technological society. more 
graduates were employed by computer firms than by any other type 
of employer. even though the college offers only a minor in 
computer science. Employment in business and industrial firms 
ranked second. In a side note. the common statement of various 
recruiters in recent years is of importance, especially in light 
of the mathematics education community's concern for problem 
solving. Although firms might be looking for students with 
degrees in business. they are very willing. often excited. to hire 
a student with a degree in mathematics. Why? Their comment: 
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